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Description

[Technical Field]

The present invention relates to a driving method of
a liquid crystal apparatus, and more particularly, to a
driving method of a liquid crystal apparatus having a lig-
uid crystal provided with memory property.

[Background Art]

A driving method of a liquid crystal apparatus using
chiral nematic liquid crystal is disclosed in Japanese
Examined Patent Publication No. 1-51,818 (corre-
sponding to USP 4,239,345). The patent specification
describes an initial orientational condition in the initial
state under non-application of voltage, two metastable
states, and a method for switching over between the two
metastable states. The patent specification contains
however no description about a practicable method for
driving, and further, it discloses nothing about a driving
method of matrix display which is at present the most
practical liquid crystal display.

Under these circumstances, the present inventors
filed applications for Japanese Unexamined Patent
Publication No. 6-230,751 and Japanese Unexamined
Patent Publication No. 7-175,041 relating to driving
methods for matrix display and achieved a practicable
liquid crystal display unit and a driving method thereof.
More specifically, the present inventors prepared a lig-
uid crystal apparatus formed by holding a chiral nematic
liquid crystal having an initial twist angle @ (for example,
180°) between a pair of substrates. A stripe-shaped
electrode is formed on each of the substrates. The con-
ventional driving method is as follows.

A giant pulse sufficient to transfer the liquid crystal
director to a homeotropic state is applied to the liquid
crystal medium held between the pair of substrates.
Then, after a certain interval of a delay time, a selection
pulse using a critical value as the reference is applied to
the liquid crystal medium to create a 0° uniform state
(®-180°) or a 360° (@ + 180°) twisted state after relaxa-
tion of the homeotropic state. A display is achieved by
the foregoing ®-180° state and the ® + 180° state: the
former is referred to as ON state, and the latter, as OFF
state. This driving method is based on the pulse
response of the liquid crystal.

Fig. 7 illustrates an example of driving waveform
representing another conventional driving method. Fig.
7(a) shows a common waveform applied to a scanning
electrode, and Fig. 7 (b) shows an example of data
waveform applied to a signal electrode. The common
waveform is applied to the above-mentioned scanning
electrode during a prescribed period of time comprising
a reset period 8, a delay period 9, a selection period 10,
and a non-selection period 11.

More specifically, a giant pulse is applied during the
reset period, and an interval is placed during the delay
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period. During the K-th line selection period 10 of matrix
display, a selection pulse having an amplitude of select-
ing an ON-state or an OFF-state of the display is
applied. During the remaining non-selection period,
another scanning electrode is selected. This conven-
tional driving method is based on line-at-a time scan-
ning.

The giant pulse applied during the reset period 8 is
a pulse having a pulse height of at least 17 V, and
requires a sustaining time of about 1 to 2 ms. The selec-
tion pulse applied during the selection period 10 should
preferably have a voltage three to four times as high as
the data voltage applied to the signal electrode.

The delay period 9 should be a time of several hun-
dred pus, and voltage should be zero (reference voltage
Vc) during the delay period and the non-selection
period 11.

The data waveform (b) should show a symmetrical
form of amplitude on the positive and negative sides rel-
ative to the reference voltage Vc. When the phase of
data waveform is the same as the phase of selection
voltage, the display OFF-state is selected, and when it
is an antiphase, the display ON-state is selected.
Except for the reset period 8, therefore, the process
would be based on the same method of general passive
matrix addressing.

Inversion of signal for AC conversion Is conducted
every interval of several times of the selection period
(1H) (nH; nis a positive integer)during one frame, and a
DC component is canceled by reversing the waveforms
of the immediately preceding frame. The waveform, not
shown here, applied to the liquid crystal medium is
equal to the difference between the common signal and
the data signal. No problem is therefore caused if a dif-
ferential waveform is equivalent to that in this example,
when an another shape of common and data signals
would be applied. Another example could be put into
practice to divide the voltage levels of the common sig-
nals and the data signals into two groups of low and
high voltages and certain voltage levels of these signals
are selected between these two groups in hopping man-
ner. Examples of these practices are described in the
foregoing Japanese Unexamined Patent Publication.

In a liquid crystal apparatus using a super twisted
nematic liquid crystal (STN liquid crystal), on the other
hand, rapid attenuation of the display state not experi-
enced in the conventional cumulative response occurs,
i.e., attenuation of transmissivity becomes larger, when
the response time of liquid crystal materials are shorter,
and the resultant lower contrast phenomenon is known
as a frame response.

As a measure to solve this problem, a concept in
which a plurality of scanning electrodes (or scanning
lines) are simultaneously addressed is developed. (This
is hereinafter referred to as the "multi-line driving
method”, and abbreviated as the "MLS driving
method"). These circumstances are described in detail
in the Japanese Unexamined Patent Publication No. 5-



3 EP 0 863 427 A1 4

100,642 and Japanese Unexamined Patent Publication
No. 4-148,845. According to these documents, in the
aforesaid driving method, a plurality of selection periods
are provided in a single scanning waveform, and are
dispersed in a frame. In this driving method, therefore, a
necessary transmissivity is determined and an ON/OFF
state of display is obtained by accumulating responses
of liquid crystal for individual selecting periods. This
driving method is utilizing cumulative response of liquid
crystal and root mean square(RMS) response effect.

Fig. 8 shows an example of the conventional driving
method: the driving waveforms for simultaneous selec-
tion of four scanning electrodes. Common waveforms
R1 to R4 applied to the four scanning electrodes are as
shown in Fig. 8. That is, the selection periods S1 to S4
are dispersed within a frame, and a selection pulse volt-
age is equally applied to the liquid crystal every period t,
four times a frame. The individual common waveforms
are selected to have a property known as ortho- normal-
ity as referred to in the aforesaid patent application with
respect to each other. More specifically, the selection
pulse applied to the individual selection periods (S1 to
$4) of the four scanning electrodes R1 to R4, by assum-
ing 1 for the positive side and 0 for the negative side rel-
ative to a reference voltage (Vc¢), is expressed by a
determinant. A selection voltage is set so that this deter-
minant satisfies orthogonality.

Data waveforms C1 and C2 are as shown also in
Fig. 8, in which examples of data signals to each four
rows accessed simultaneously are illustrated. Voltage of
the data signal is set at any of five voltage levels in total
relative to the reference potential (Vc: i.e., zero). Specif-
ically, a data signal results in response to the four
selected rows and the display states in the column
crossing these rows (there are 2% = 16 ON/OFF combi-
nations).

Applying to a practical circuit, a common signal and
data signals are passed through 4 exclusive OR gates,
and the level of a voltage to be applied to LCD will be
fixed by counting the output states of the gates.

Thus, the voltage which is in effect applied to the
liquid crystal is a RMS voltage which is the difference
between common signals and data signals in a frame
period. Therefore, a display state in compliance with the
RMS voltage is available even by a driving method
using a selection period divided into four. AC conversion
of the driving waveform is accomplished through inver-
sion for every frame. AC conversion of a voltage applied
to the liquid crystal medium is achieved through two
frames.

By using the driving method shown in Fig. 7, the
present inventors could drive a conventional liquid crys-
tal apparatus at a duty ratio of 1/240, and succeeded in
driving such a large-capacity liquid crystal apparatus. In
order to achieve a liquid crystal display of an even larger
capacity by improving a driving method, it was neces-
sary to reduce the selection period for the writing pulse
and achieve a faster response time of a liquid crystal,
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however this requirement inevitably led to a narrower
driving voltage margin of the display element for the
existing liquid crystal materials.

To solve these problems, the present invention was
developed by improving the conventional MLS driving
method, so as to be applicable to the liquid crystal dis-
play unit which responds to a short writing pulse with
reference to those of STN-type liquid crystal. That is,
shortening the writing pulse width required for a larger
capacity display is supplemented by the new MLS driv-
ing method and the timing of applied pulses is optimized
in match with the response property of the liquid crystal,
thereby ensuring a sufficient driving voltage margin.

[Disclosure of Invention]

The main objects of the present invention are to
reduce the writing pulse width along with the tendency
toward a larger capacity display and to optimize the
application timing of pulse in match with response prop-
erty of the liquid crystal, thereby ensuring a sufficient
driving margin.

In a preferred embodiment of the driving method of
a liquid crystal apparatus of the invention, the method
comprises a pair of opposed substrates holding a liquid
crystal layer in between, wherein: the liquid crystal layer
has at least an initial state in which the liquid crystal
molecule has an angle of torsion of @, a first stable state
in which the liquid crystal has an orientation of substan-
tially -180°, and a second stable state in which the lig-
uid crystal has an orientation of substantially ® + 180°;
the orientation of the liquid crystal layer is controlled by
a scanning signal applied to a plurality of scanning elec-
trodes formed on one of the substrates and a data sig-
nal applied to a plurality of signal electrodes formed on
the other substrate; the scanning signal has at least a
reset pulse applied during a reset period and a selection
pulse applied during a selection period, and the data
signal is applied to the signal electrodes for each selec-
tion of the scanning electrodes; and the plurality of
scanning electrodes are divided into a plurality of
groups, the scanning signal is applied to the scanning
electrodes in the plurality of groups substantially simul-
taneously, and the plurality of groups are sequentially
selected.

By using such a driving method, and applying a
method known as the MLS driving method, it is possible
to adjust the applied voltage and the application time of
the selection pulse relative to the liquid crystal molecule
in the transition process. It is therefore possible to
derive an optimum switching property.

For example, the length of the application time can
be adjusted by changing the number of scanning elec-
trodes simultaneously selected within a range of frame
frequency (50-60 Hz) inhibiting flickers generated in the
liquid crystal apparatus.

There should preferably be 2n (n is an integer of at
least 1) scanning electrodes in each such group, or
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more preferably, four scanning electrodes in a group.

A scanning signal is applied substantially simulta-
neously to the scanning electrodes in each group.
Within an individual period, i.e., within a reset period, a
reset pulse is applied substantially simultaneously to all
the scanning electrodes, and in the selection period, a
selection pulse is substantially simultaneously applied.

The selection pulse applied during the selection
period is set on the basis of an orthogonal function. By
setting the same in compliance with a Hadamard
matrix, it is possible to solve problems such as thread-
ing of each scanning electrode.

The selection pulse is applied continuously during
the selection period, or applied in a dispersed state dur-
ing the selection period. This is an optimum driving
method for selecting a first stable state and a second
stable state, and appropriate timing and application time
as set as required. That is, it suffices that the selection
pulse is appropriately applied during a period from the
start of move of the liquid crystal molecule from the ver-
tical orientation toward one of the two stable status to
the compiletion of transition.

A delay period is set in match with the timing of the
selection period. That is, a voltage can be applied to the
liquid crystal layer at an optimum timing by setting the
delay period between the reset period and the selection
period.

On the assumption of a selection period of 1H, the
delay period is set to nH (n is an integer). The driving
method of the invention providing the delay period as
described above brings about an advantage of inhibiting
a crosstalk voltage applied during the delay period. Par-
ticularly, by adopting a driving method of applying selec-
tion pulses in a dispersed manner during the selection
period, voltage is applied intermittently, thus inhibiting
voltage applied to the liquid crystal. It it is therefore pos-
sible to inhibit voltage associated with crosstalk and
thus prevent occurrence of crosstalk.

Upon selecting the first stable state and the second
stable state, selection pulses applied to the scanning
electrodes are set equal RMS voltages. That is, the first
stable state or the second stable state is selected,
depending upon the data signal.

A group may be set with a plurality of scanning elec-
trodes arranged adjacent to each other, or a group may
be set with a plurality of scanning electrodes arbitrarily
selected. In any of these cases, a scanning signal is
applied simultaneously to the scanning electrodes
within each group.

The arbitrarily selected scanning electrodes, which
compose the individual groups are selected from indi-
vidual blocks.

In the invention, each group is includes at least one
virtual electrode in addition to a plurality of actually
existing scanning electrodes, and a scanning signal is
treated as being applied to the virtual electrode simulta-
neously with the scanning signal applied to the plurality
of scanning electrodes.
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The driving method based on virtual electrodes
comprises supplying a scanning signal to the scanning
electrodes and making setting so as to achieve agree-
ment between data of the virtual electrodes and dis-
played data. By adopting the driving method, it is
possible to reduce the voltage level of a data signal
applied to the signal electrode.

A liquid crystal apparatus using the driving method
of a liquid crystal apparatus as described above can be
used for an electronic equipment.

[Brief Description of Drawings]

Fig. 1 is a timing chart illustrating a typical com-
mon waveform and data waveform in a case
where four scanning electrodes are simulta-
neously selected in the present invention;
Fig. 2 illustrates 16 data waveform diagrams used
when simultaneously selecting the four
scanning electrodes shown in Fig. 1;

Fig. 3 is a common waveform diagram used in an
embodiment in which two scanning elec-
trodes are simultaneously selected accord-
ing to the invention;

Fig. 4 is a waveform diagram illustrating a com-
mon waveform, a data waveform and the
difference therebetween during the selec-
tion period shown in Fig. 3;

Fig. 5 is a timing chart of a common waveform and
a data waveform in a case where selection
pulse are divided and two scanning elec-
trodes are simultaneously selected in the
invention;

Fig. 6 is a common waveform diagram in a case
where selection pulses are divided and four
scanning electrodes are simultaneously
selected in the invention;

Fig. 7 is a timing chart illustrating a driving method
of a liquid crystal apparatus used conven-
tionally;

Fig. 8 is a timing chart illustrating an example of
the MLS driving method for an STN liquid
crystal panel as a conventional art;

Fig. 9 illustrates a configuration of the liquid crys-
tal apparatus used in the invention;

Fig. 10 illustrates an electrode configuration of the
liquid crystal apparatus of the invention;

Fig. 11 is a common waveform diagram in a case
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where four dispersion type scanning elec-
trodes are simultaneously selected in the
invention;
Fig. 12 illustrates an embodiment of the invention,
showing a common waveform set in accord-
ance with a Hadamard matrix in a case
where four scanning electrodes are simulta-
neously selected;
Fig. 13 is a data waveform diagram corresponding
to the common waveform showing in Fig.
12;
Fig. 14 is a timing chart of common waveforms rep-
resenting a case with a duty ratio of 1/240
and a case with a duty ratio of 1/480;
Fig. 15 illustrates three examples showing direction
of scanning in a case where four scanning
electrodes are simultaneously selected;
Fig. 16 is a circuit configuration diagram for applica-
tion of the invention;
Fig. 17 illustrates an orientation of liquid crystal
molecules in the liquid crystal apparatus of
the invention;
Fig. 18 illustrates the liquid crystal apparatus of the
invention used for a projector;
Fig. 19 is a configuration diagram of the liquid crys-
tal apparatus mounted on an electronic
equipment;
Fig. 20 is another configuration diagram of the lig-
uid crystal apparatus mounted on an elec-
tronic equipment;
Fig. 21 illustrates a case where the liquid crystal
apparatus of the invention is used in the
reflection mode and mounted on a projec-
tor; and
Fig. 22 illustrates liquid crystal apparatus mounted
on various electronic machines.

[Best Mode for Carrying Out the Invention]

(General structure of liquid crystal cell used for applica-
tion of the invention)

The liquid crystal medium used in the embodiments
was prepared by adding an optically active agent to the
liquid crystal. The helical pitch is adjusted by adding the
optically active agent to the liquid crystal. The twist
angle of the liquid crystal molecules is also adjusted.
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A nematic liquid crystal such as SLI-3329 made by
E. Merck Company was used as a liquid crystal mate-
rial. For example, a chiral agent made by E. Merck Com-
pany was used as an optically active agent added to the
liquid crystal. The helical pitch of the liquid crystal is
adjusted by these materials within a range of from 3 to
4 um.

As shown in Fig. 9, a transparent electrode 4 com-
prising ITO is formed into a stripe shape on a pair of
glass substrates 5 and 5, and an alignment film 2 com-
prising polyimide is coated onto the substrates. A flat-
tening layer 3 is formed on the electrodes in Fig. 9, but
the flattening layer 3 may be omitted.

The alignment film 2 formed on each substrate is
treated by rubbing. The rubbing treatment applied to the
substrate is made so as to form a prescribed angle @ in
the initial state of the liquid crystal medium. There
occurs a slight shift between an angle formed by the
rubbing direction in rubbing applied to the substrate and
the twist angle of the liquid crystal media. In general, the
twist angle of the liquid crystal molecules is smaller than
the angle formed by the rubbing direction. Therefore,
the angle formed by the rubbing direction is slightly
larger than the twist angle ® of the liquid crystal mole-
cules.

As described above, the rubbing treatment is
applied so that the twist angle of the liquid crystal mole-
cules becomes ® (® is assumed to be substantially
180° in this embodiment), and liquid crystal molecules 1
are oriented adjacent to the substrate so as to form a
pre-tilt angle 6 as shown Fig. 9.

A liquid crystal cell is prepared by bonding the pair
of substrates by means of a sealing material 6. Polariza-
tion plates 7 are arranged on the liquid crystal cell to
form a liquid crystal apparatus. A spacer is inserted
between the glass substrates 5 and 5. This spacer is
used as a gap material for achieving a uniform gap
between the pair of substrates. It is not necessary to
arrange the spacer when the substrates can be held
with a uniform gap by the sealing material for bonding
the pair of substrates. A spacer may be arranged in the
sealing material and/or in the display area.

In the present specification, a gap (i.e., a cell gap)
of up to 2 um is set between the pair of substrates. By
setting a cell gap of up to 2 um, a more rapid switching
between the two stable states is ensured. In the inven-
tion, setting as described above permits setting of a
ratio of liquid crystal medium thickness/helical pitch
within a range of 0.5+ 0.2.

Fig. 10 illustrates the electrode portion configura-
tion in detail regarding the configuration shown in Fig. 9.
As shown in Fig. 10, voltage is appropriately applied to
a stripe-shaped electrode (M) formed on one of the sub-
strates and an electrode (N) formed on the other sub-
strate, to perform matrix display. In this specification, the
electrodes (M) are defined as scanning electrodes and
the electrodes (N) as signal electrodes for the following
description.
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The electrodes are formed from a material compris-
ing, for example such a material as ITO in the invention.
When forming a reflection-type crystal liquid apparatus,
however, one of the substrates may have an electrode
formed from a material having reflecting property such
as aluminum or chromium. A reflection -type liquid crys-
tal apparatus can be formed also by forming a reflecting
layer on the side opposite to the liquid crystal medium
contacting side of one of the substrates.

(Crientation of liquid crystal)

Orientation of liquid crystal molecules is illustrated
in Fig. 17. As shown in Fig. 17, orientation of the liquid
crystal molecules in the liquid crystal apparatus in the
invention takes any of the following four states: an initial
state, a reset state, a first stable state, and a second
stable state, as shown in Fig. 17.

The initial state means a state prior to application of
voltage to the liquid crystal layer held between the pair
of substrates, or a state with a twist angle of ® of the lig-
uid crystal molecules. The twist angle ® specifically
means a state in which the twist angle of liquid crystal
molecule is 180° in Fig. 17.

Fig. 17 schematically illustrates the status of orien-
tation of liquid crystal molecules in the liquid crystal
medium held between the pair of substrates. The liquid
crystal molecules adjacent to the substrate should have
therefore a prescribed pre-tilt angle (6) as shown in Fig.
9. Since Fig. 17 illustrates orientation only schemati-
cally, the liquid crystal molecules are drawn in parallel.

The reset state means a state in which liquid crystal
molecules in the liquid crystal cell are substantially ver-
tically aligned to the substrate surface (see Fig. 17). As
described later, the reset state occurs as a result of
application of voltage during the reset period. At this
period, a reset voltage higher than the threshold value is
applied to the scanning electrode. In other words, the
reset state is a state in which Fredericks transition
occurs. In order to achieve the reset state of the liquid
crystal medium, therefore, a voltage capable of causing
Fredericks transition should be applied to the liquid
crystal medium.

It should however be noted that not all the liquid
crystal molecules between the pair of substrates are
necessarily vertically or almost vertically aligned. That
is, liquid crystal molecules adjacent to the substrate are
not always vertical to the substrate. In general, a state in
which liquid crystal molecules at around the center por-
tion between the substrates are oriented substantially
vertically is referred to as the reset state in the present
specification.

Now, the first stable state is available by applying a
voltage during the selection period. At this period, a
selection pulse is applied to the scanning electrode. The
first stable state has a memory property for a prescribed
period of time, and is kept during this time. As shown in
Fig. 17, all liquid crystal molecules are oriented in
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almost the same direction. The liquid crystal molecules
here have a twist angle of ®-180°. More specifically, the
liquid crystal molecules have a uniform orientation of
substantially 0°.

There exists, on the other hand, a second stable
state different from the first stable state. The second
stable state as well is available by applying a voltage
during the selection period. As with the first stable state,
the second stable state has a memory property for a
prescribed period of time. In the second stable state, the
liquid crystal molecules have a twist angle of ® + 180°,
i.e., a twist angle substantially equal to 360°.

Selection of the first stable state or the second sta-
ble state depends upon the value of voltage applied to
the liquid crystal layer. The critical value serves as a ref-
erence. With the critical value as the reference, when
the voltage applied to the liquid crystal layer is lower
than the critical value, an angle of ® + 180° (substan-
tially the state of 360° twisted) is selected, and when the
value of voltage is higher than the critical value, an
angle of ®-180° (almost zero) is selected. The critical
value varies with properties of the liquid crystal cell, and
may itself have a certain range.

The memory property of the first stable state and
the second stable state is finite, and this state of mem-
ory can be maintained only for a limited period of time.
The first stable state and the second stable state are
then spontaneously attenuated to the initial state, i.e.,
the twist angle becomes @ (substantially 180°).

(Typical driving waveforms used in the invention)

Driving waveforms in the invention are illustrated in
Fig. 1. Differences from the conventional art will be
described below while comparing the conventional
waveforms shown in Figs. 7 and 8 with the driving
method of the invention.

Fig. 1 illustrates the driving method according to the
invention, showing driving waveforms in a case where
four scanning electrodes are simultaneously selected.

In Fig. 1, a scanning signal is sequentially applied
to a plurality of scanning electrodes (M, M+ 1, M +2, M
+3, M +4, ....)), and a data signal is applied to a plurality
of signal electrodes (N, N + 1, .....). There are a plurality
of scanning electrodes (row electrodes) and signal elec-
trodes (line electrodes), and these are not limited to the
illustrated configuration of scanning electrodes and sig-
nal electrodes.

A scanning signal has at least a reset pulse applied
during the reset period and a selection pulse applied
during the selection period. During the non-selection
period, a non-selection signal is applied.

Now, the driving waveforms of the liquid crystal
apparatus of the invention will be described below in
detail.

The reset pulse is applied to the scanning elec-
trodes (M, M + 1, .....) during the reset period 8. The
reset pulse is known also as a giant pulse as in the con-
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ventional art. In the present embodiment where the
selection period selects simultaneously four scanning
electrodes, the reset pulse is substantially simultane-
ously applied to the four scanning electrodes M, M + 1,
M + 2 and M + 3. The reset pulse has a prescribed reset
amplitude as shown in the drawing, and the reset volt-
age has a value of substantially 20 V. While, in Fig. 1, a
reset pulse is shown for the signal M, the reset pulse is
represented in a simplified way for the scanning signals
applied to the other scanning electrodes M + 1, M + 2,
M + 3 and M + 5. It should be noted therefore that the
same pulse as the reset pulse of the scanning signal
applied to the scanning electrode M is applied to the
other scanning electrodes M+ 1, M + 2 and M + 3. Sim-
ilarly, the same pulse as the reset pulse applied to the
scanning electrode (M) is applied also to the scanning
electrode M + 4 and the subsequent ones.

The driving method shown in Fig. 7 illustrating a
conventional case is one in which scanning electrodes
are line-sequentially selected. In the conventional art,
therefore, scanning electrodes are line-sequentially
scanned, and reset pulses are sequentially applied.

In the driving method of the invention, in contrast,
as shown in Fig. 1, a reset pulse is applied simultane-
ously to a plurality of scanning electrodes (four scan-
ning electrodes in the present embodiment). The driving
method of the invention simultaneously selecting a plu-
rality of scanning electrodes is therefore different from
the conventional art of line-sequentially selecting scan-
ning electrodes.

As shown in Fig. 1, the reset period 8 during which
the pulse is applied is followed by a delay period 9. Dur-
ing the delay period, a voltage as illustrated in Fig. 1 is
applied to the individual scanning electrodes within a
group of scanning electrodes. This voltage is the refer-
ence potential (Vc). Although not shown, any voltage
not exceeding the threshold voltage may be applied dur-
ing the delay period with no problem.

Therefore, it is also possible to adopt a driving
method of applying a pulse similar to that applied during
the non-selection period within a value not exceeding
the threshold voltage.

After the delay period, the first stable state or the
second stable state is selected during the selection
period 10. The selection period is set at an optimum tim-
ing for selection of the first stable state or the second
stable state. That is, by providing the aforesaid delay
period between the reset period and the selection
period, the selection period can be set at an optimum
timing.

During the delay period 9, a voltage is applied sub-
stantially simultaneously to the simultaneously selected
scanning electrodes. Similarly, during the selection
period 10 also, a selection pulse is substantially simulta-
neously applied to the individual scanning electrodes
within the group.

For example, as shown in Fig. 1, the selection pulse
to be applied during the selection period is applied to
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the four scanning electrodes at substantially the same
timing. A selection period equivalent to a 4H period is
provided to allow access to four scanning electrodes.

Selection pulses having different waveforms are
applied to the four scanning electrodes M, M + 1M + 2
and M + 3, respectively. By using selection pulses of dif-
ferent waveforms applied to the individual scanning
electrodes within the group, it is possible to eliminate a
threading phenomenon caused between the individual
scanning electrodes in the group (the four scanning
electrodes M to M + 3 in this embodiment).

In the driving method of the invention, the selection
of the first group including the four scanning electrodes
M to M3 is followed by selection of the second group
including four scanning electrodes M + 4 to M + 7.
Groups are formed as described each with four scan-
ning electrodes. The individual groups are sequentially
selected and a scanning signal is applied to each scan-
ning electrode.

In the above description, a group has been formed
with four scanning electrodes, and a driving method of
sequentially selecting the groups has been adopted.
The present invention is not however limited to four
simultaneously selected scanning electrodes as in the
above description. Any number of at least two scanning
electrodes can constitute a group with no problem. In
the driving method of simultaneously selecting a plural-
ity of scanning electrodes, design of the driving circuit
becomes more complicated as the number of simulta-
neously selected scanning electrodes increases, lead-
ing to more design-related problems. Further, another
problem is an increased power consumption. With these
points in view, the number of scanning electrodes within
a group should preferably be an even number, or more
preferably, less than four.

The driving method in which a selection period
equal to a time of 4H is ensured and the individual
groups are selected with a shift of timing of 4H has been
described above. Setting of this selection period is not
however limited to a continuous period equal to 4H, and
can be divided arbitrarily. The length of a selection
period therefore can be appropriately set so far as a
selection period can be set at an optimum timing and
duration for allowing selection of the ®-180° state and
the @ + 180° state.

In the above description, furthermore, grouping has
been made in accordance with the sequence of
arrangement of scanning electrodes. However, group-
ing may be at random, or may be made in compliance
with a prescribed cycle (for example, 1st, 5th , Sth and
13-th electrodes).

Finally, during the non-selection period 11 after the
selection period, a non-selection signal is applied as
shown in the drawing. That is, the signal amplitude
applied during the non-selection period is the reference
potential (Vc). The non-selection signal may be set at
any value so far it does not exceed the threshold value.

Now, the invention will be compared with Fig. 7
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showing the conventional art regarding the waveform of
the scanning signal.

Itis suggested that the differences from the conven-
tional art come from (1) the placement of providing a
selection period, and (2) waveform applied to the indi-
vidual scanning electrodes.

Regarding (1) above, the present invention is char-
acterized in that the scanning signal to be applied to a
plurality (four, for example) of scanning electrodes is
substantially simultaneously applied. Particularly, dur-
ing the selection period 10, the selection signal is
applied substantially simultaneously to the individual
electrodes.

Regarding (2) above, the invention is characterized
in that selection signals applied to the individual scan-
ning electrodes have different waveforms from each
other so as to discriminate them. This is effective for
eliminating the problem of threading.

In general terms, the scanning signal applied to the
scanning electrodes is applied as follows.

More specifically, a plurality of scanning electrodes
are grouped into P groups and the individual groups are
sequentially selected. The scanning signal is substan-
tially simultaneously applied to the scanning electrodes
in each group. Particularly, the selection signal applied
during the selection period is substantially simultane-
ously applied to the scanning electrodes in the group.
The selection signals are characterized by different
waveforms between different scanning electrodes. The
selection signals should preferably be set so that the
determinant representing the selection signal applied to
the simultaneously selected scanning electrodes exhib-
its "orthogonality”.

By setting selection signals as described above, it
is possible to prevent display defects such as "thread-
ing” and "flickering” for each scanning electrode.

Fig. 8 is a drawing illustrating the conventional driv-
ing method of an STN-type liquid crystal panel. The
term STN-type liquid crystal panel means a liquid crys-
tal panel using a super twisted nematic liquid crystal in
which the liquid crystal has a twist angle of at least 120°.
As is clear from Fig. 8, the driving method of a conven-
tional STN-type liquid crystal panel comprises the step
of dispersing selection periods at equal intervals within
a frame.

Basically, the driving method forming the base of
the present invention differs from the driving method of
the STN-type liquid crystal panel in that (1) a reset pulse
is applied, and (2) after the delay period, the selection
pulse is applied, and is quite different from the latter
also in the orientation of liquid crystal molecules as
shown in Fig. 17.

Particularly in terms of the driving manner, compar-
ison of the driving method of the invention and the driv-
ing method of an STN-type liquid crystal panel shown in
Fig. 8 reveals the following differences.

While the conventional driving method of an STN -
type liquid crystal panel divides (or disperses) a plurality
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of selection periods at equal intervals within a frame, the
driving method of the invention does not adopt such a
driving manner of dispersing the selection periods
within a frame. The driving method of the invention is
largely different in that it is of a concentrated type or of
a collection type applying within a short period of time.

These differences come from the fact that the liquid
crystal apparatus used in the present invention shows a
behavior of both a response by pulse and a response
based on RMS value in the selection period after the
delay period following the reset pulse (hereinafter
referred to as the "pulse + RMS value responding
behavior”). More specifically, the liquid crystal appara-
tus used in the invention can convert an applied pulse
into a plurality of pulses if the RMS value does not
change in a time zone included in a certain period of
time. The selection pulse applied to the four scanning
electrodes as in the above case may be applied in a
concentrated way during the selection period, and the
same display effect is available even by placing a slight
interval between the applied pulses as in the embodi-
ment presented later.

Further, the selection pulse applied during the
selection period applicable here contains waveforms
having orthogonal/ normal property as described above
and not having those, and the selection thereof is arbi-
trary. For information, this certain period after the delay
period is considered to be within 4 ms response time
until entrance into a stable state at room temperature.

Data signals applied to signal electrodes N, N + 1
and the like are on the other hand as shown in Fig. 7. In
accordance with the display states (ON/OFF combina-
tions of 16 cases) at each one signal electrode (column
electrode) crossing the four scanning electrodes (row
electrodes) applied with the scanning signal, the combi-
nation of data signal corresponding to the selection
pulses (4H period) appear. Data signals are then
applied in succession to the individual signal electrodes.
An AC drive may be achieved by inverting these wave-
forms each frame, or every several H (1H corresponding
to the minimum selection time of 1 line) to several tens
of H.

Further, the simplest positive/negative waveforms
with the reference potential (Vc: zero voltage, for exam-
ple) as the symmetric centerline have been presented
to simplify description of the invention. It is however
applicable also to a driving waveform using two groups
of power supply of low and high voltages, when the dif-
ferential waveform applied to the liquid crystal media,
result in the same waveform as in Fig. 1.

(Example 1)

A liquid crystal apparatus comprising a matrix of
120 rows x 160 columns was prepared, and a driving
method of applying scanning signals simultaneously to
four scanning electrodes was applied on the basis of the
driving waveform shown in Fig. 1. Scanning signals as
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shown in Fig. 1 were applied to four scanning electrodes
MM+1,M+2andM + 3.

The scanning signals applied to the scanning elec-
trodes comprised a reset pulse (or a reset signal)
applied during the reset period (Reset 8), a delay signal
(or a non-selection signal) applied during the delay
period (Delay 9), a selection pulse (or a selection signal)
applied during the selection period (Select 10), and a
non-selection signal applied during the non-selection
period (Non-Select 11). In the subsequent examples,
definitions of these periods shall be the same.

Timing of application of the scanning signal is sub-
stantially simultaneous for all the scanning electrodes
within the group. In the present specification, "substan-
tially simultaneous” includes cases where scanning sig-
nals are applied with slight shift. In this example, four
scanning signals applied to the individual scanning
electrodes have waveforms different from each other.

After selection of a group consisting of four scan-
ning electrodes M to M + 3, scanning is sequentially
conducted every four scanning electrodes also for M + 4
and subsequent scanning electrodes. All the groups are
thus sequentially selected to complete scanning of all
the scanning electrodes.

On the other hand, data signals applied to the sig-
nal electrodes (column electrodes) comprise 16 combi-
nations of signals as shown in Fig. 2, in response to the
status of display of picture elements corresponding to
four scanning electrodes. The RMS value of voltage
applied to the liquid crystal medium can take the maxi-
mum ON/OFF ratio by combining Figs. 1 and 2.

The liquid crystal apparatus was driven at a duty of
1/240, with 70 pus per 1H and a frame frequency of
60Hz. Other conditions are as follows. Reset voltage: 21
V, and selection voltage: 3.5V, or, reset voltage: 24 V,
and selection voltage: 4.0 V. The data reference voltage
Vb was varied near 1.3 V (the data voltages consist of
five levels of +Vb, + 0.5 Vb and 0). A variable range
within which a normal test pattern is available was
measured as a driving voltage margin AV. Three test
patterns were provided: 1) a black/white lattice pattern,
2) a horizontal stripe pattern consisting of repeated
ON/OFF for each row, and 3) a vertical stripe pattern
consisting of repeated ON/OFF for each column. As a
result of display, all the three patterns could be normally
displayed, and although pattern dependency was
observed, a margin equal or superior to that in the con-
ventional art shown in Fig. 7 was obtained.

Then, the driving method of the invention was com-
pared with the conventional method under severer driv-
ing conditions including a duty ratio of 1/480 and 35 ps
per 1H. In this case also, a drive margin equivalent to
that in the conventional method, and for some patterns,
a drive margin superior to that in the conventional
method was obtained.
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(Example 2)

Fig. 3 illustrates another driving method. More par-
ticularly, each group was composed of two scanning
electrodes, and the individual groups were sequentially
selected. Scanning signals were applied simultaneously
to the two scanning electrodes within each group.

As in the driving method described above in the
Example 1 selecting four scanning electrodes at a time,
reset pulses were applied to the scanning electrodes
during the reset period 8, and after the delay period 9
following the reset period, selection pulse are applied
during the selection period 10. During the selection
period 10, two different kinds of selection pulse were
given to the scanning electrodes for simultaneous
selection of the two scanning electrodes.

Accordingly, four kinds of data signal a to d shown
in Fig. 4 are applied to the signal electrodes in response
to the contents of display. In Fig. 4, the scanning signal
applied during the selection period is represented by
"COM select”; the data signal applied to the signal elec-
trodes is represented by "Data”; and the differential syn-
thesized waveform, by "COM-Data".

The liquid crystal cell in this example was a simple
120 x 160 matrix type liquid crystal cell as in the Exam-
ple 1. The drive duty ratio was 1/240. The pulse ampli-
tude of driving waveform and various other conditions
were the same as in the Example 1. However, the refer-
ence voltage Vb of data signal was varied around 1.8 V.
The same three test patterns were displayed with this
drive waveform as in the Example 1. As a result, a driv-
ing voltage margin of from 140% to 200% far exceeding
that of the conventional method was obtained for each
of the patterns.

(Example 3)

In this example, a driving method as shown in Fig.
5 was adopted. More specifically, the method in the
Example was the same as the drive method shown in
the foregoing Example 2 in that two scanning electrodes
were simultaneously selected. The present example dif-
fers from the Example 2 in that selection pulses applied
during the selection period are divided into two parts,
and a gap of at least 1H is provided between pulses. In
the present specification, this driving method is referred
to as the "split type" of applying a selection pulse.

Data signals were applied to the signal electrodes
in match with the timing of each selection period. At a
timing corresponding to the selection period, the data
signals divided into two in response to the aforesaid
selection pulses were applied to the signal electrodes.

The basic waveforms in this Example were the
same as those shown in Fig. 4. The driving voltage con-
ditions were the same as those in the Examples 1 and
2. As aresult, in the 1/240 addressing, a sufficient driv-
ing voltage margin superior to that in the conventional
method was observed for all the test patterns. Particu-
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larly, for the vertical stripe, a weak point pattern for the
conventional method, a margin more than four times as
large as that in the conventional driving method was
ensured, thus permitting confirmation that this was a
stable driving method.

Then, the liquid crystal panel used in this Example
was driven at a duty ratio of 1/480, and a driving voltage
margin equal or even superior to that in the conventional
method was obtained. The method of the invention was
superior to the conventional method particularly within a
voltage range making the aforesaid three patterns driv-
able in common.

(Example 4)

In the Example 4, a liquid crystal apparatus was
driven by a driving method as shown in Fig. 6.

As shown in Fig. 6, the driving method of applying
scanning signals simultaneously to four scanning elec-
trodes was adopted in this Example. In this respect this
driving method was the same as that in the foregoing
Example 1. The method used in this Example 4 was dif-
ferent from that used in the Example 1 in that the selec-
tion pulses were divided for application. In this Example,
as shown in Fig. 6, an interval of 2H was provided at the
center of the selection pulses. That is, adoption of a
"split" type driving method is a difference from the
Example 1 described above. The present Example dif-
fers from the Example 3 in that four scanning electrodes
were simultaneously selected.

In this Example, as described above, the "split” type
method of dividing the selection pulses for application
was adopted. In match with application of the divided
selection pulses to the scanning electrodes, data sig-
nals as well were applied in the form divided into two at
a timing aligned with that of the selection period. That is,
the waveform of data signal shown in Fig. 1 or 2 was
divided in response to the divided selection pulses as
shown in Fig. 6 and applied to the signal electrodes.

A driving duty ratio was 1/480, with the other condi-
tions similar to those in the Example 1. A liquid crystal
apparatus was driven by the use of the driving method
of this Example: a driving margin superior to that
obtained in the Example 1 was observed for any of the
three kinds of pattern.

(Example 5)

The driving method used in the Example 5 is illus-
trated in Fig. 11. This driving method is an improvement
of the driving method shown in Fig. 1. That is, in the
driving method used in the Example 5, four scanning
electrodes were selected simultaneously, and selection
pulses applied during the selection period were divided
into a plurality of periods. The driving method in which
the selection pulses are dispersed within the selection
periods as shown in Fig. 11 is associated also with
those used in Examples 3 and 4 described above.
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For convenience of description, m is used as an
index representing the degree of dispersion. That is, m
= 1 represents the state of Fig. 1, corresponding to a
driving method in which selection pulses are applied in
a concentrated, i.e. non-divided or non-dispersed man-
ner. The state m = 2 is shown in Fig. 11. In this method,
selection pulses are dispersed, and pulses are applied
at prescribed intervals (1H in this Example). The state
m = 3 represents a driving method in which an interval
of 2H is provided between the selection pulses. Accord-
ingly, as m increases, setting is made so that a wider
interval is provided between the selection pulses.

It suffices that the data waveform is applied to the
signal electrodes by dispersing the waveform shown in
Fig. 2 in synchronization with dispersion of the selection
waveform.

Using the driving method as described above, a lig-
uid crystal apparatus was driven at a duty ratio of 1/240
as in the preceding Example. Margins were compared
among cases with a degree of dispersion changed from
m = 1 to m=4. The case with m = 2 (i.e,, the interval
between pulses set to 1H) gave the highest margin for
all the three patterns, and m =4 showed the lowest
result. It is suggested that an excessive dispersion of
the selection pulses exerts an adverse effect on the dis-
play of the liquid crystal apparatus used in this Example.
There exists an optimum application time interval for the
application of the selection pulse after the delay period.
The effective time interval is for a short period of time of
1 to 2 ms after application of the reset pulse.

However, since application of the selection pulses
dispersed during the selection period to the scanning
electrodes has a favorable effect as described above, a
liquid crystal apparatus having excellent display proper-
ties is available by appropriately setting a degree of dis-
persion in response to the liquid crystal apparatus.

(Example 6)

Selection pulses applied to the scanning electrodes
in the Example 6 are illustrated in Fig. 12. In this Exam-
ple, a driving method of selecting simultaneously four
scanning electrodes was adopted. The selection pulses
applied to the scanning electrodes are as shown in Fig.
12: the selection pulses are set on the basis of an
orthogonal functional matrix. That is, in Fig. 12, selec-
tion pulses applied to four simultaneously selected
scanning electrodes are shown. This is expressed in the
following determinant. The waveforms shown in Fig. 12
are expressed with a reference potential (Vc) repre-
sented by a horizontal line as reference, with 1 for the
positive and 0 for the negative side. It takes the following
form:
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Table 1

Q = O =
O a2 4o
- O O —

More specifically, the matrix of the selection pulses
applied to the first row of the scanning electrodes is
(1111). The pulse shown in Fig. 12 is applied to one of
the scanning electrodes in the group. The matrix of the
second row, the third and the fourth rows are as shown
in Fig. 12 and in the above-mentioned determinant.

The selection pulses applied during the selection
period were set in compliance with the matrix compris-
ing a Hadamard matrix in the present Example.
Because the driving method of selecting four scanning
electrodes at a time was used in this Example, a deter-
minant comprising four rows and four columns as above
was used. The data waveforms corresponding to the
selection pulses on the basis of such a Hadamard
matrix take the form as shown in Fig. 13.

This determinant varies with the number of simulta-
neously selected scanning electrodes. For example, it is
possible to set selection pulses on the basis of a deter-
minant with A rows and B columns, where A is the
number of simultaneously selected scanning electrodes
and B is the number of pulses or the number of divisions
of the selection period.

The driving method in this Example is the same as
in the Example 1 with a driving duty ratio of 1/240. The
driving voltage margin upon display of the three forego-
ing test pattern was measured. The margin was supe-
rior to that of the conventional method for any of the
patterns. By setting selection pulses on the basis of the
Hadamard matrix, the best margin and display property
were obtained.

While the selection pulses were set on the basis of
the Hadamard matrix in the present Example, the set-
ting is not limited to a Hadamard matrix, but may be
made on the basis of a general "orthogonal function”.
By setting mutually different selection pulses to be
applied to the individual scanning electrodes within the
group in principle, a liquid crystal apparatus free from
threading between the scanning electrodes and excel-
lent in display property is available. Setting is not limited
to a Hadamard matrix as described above, but may be
made by the use of a general orthogonal function, as
described above. Among others, it is particularly prefer-
able to set a determinant as follows:
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Table 2

_ o O -
= O A A
O a2 a o

More particularly, in view of the column direction in
this determinant, the first column shows (0111) from top
to bottom. A voltage applied corresponding to a row of
the determinant should thus have a polarity different
from the polarity of voltage applied to the other columns.
Similar setting is made also for the other second, third
and fourth columns in addition to the first column. By
setting a determinant as described above, it is possible
to eliminate display defects caused by the selection
pulses. Regarding polarity, positive and negative polari-
ties are set relative to the reference potential (Vc) as
shown in Figs. 11 and 13. The reference potential may
be considered as a non-selection signal applied during
the non-selection period. The reference potential will be
treated in the same manner in the above and subse-
quent examples.

The present example has been described above
with reference to a four-row/four-column determinant,
but is not limited to this. In general, setting may be made
on the basis of a general formula of A rows and B col-
umns.

(Example 7)

The concept of the driving method in this Example
is illustrated in Fig. 14. Particularly, Fig. 14 (a) shows a
variant of the Example 6. More particularly, Fig. 14(a)
represents a drive waveform comprising dispersed
selection periods.

The degree of dispersion is expressed by means of
m = 2 in accordance with the above-mentioned defini-
tion, and there was provided an interval of 1H between
two selection pulses applied during the selection period.
The data signal applied to the signal electrodes took a
dispersed waveform in match with this selection wave-
form. The data signal had the same waveform as that
shown in Fig. 13, and the waveform was dispersed in
response to the waveform of the dispersed selection
pulse (not shown).

A liquid crystal apparatus was driven in compliance
with the driving method as described above. By the
application of selection pulses dispersed during the
selection period, a liquid crystal apparatus excellent in
display properties was obtained, with the highest driving
voltage margin. The driving method was basically the
same as in the preceding Example, with a duty ratio of
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1/240. Display of the three foregoing test patterns gave
satisfactory results.

When the liquid crystal panel was driven with a duty
ratio of 1/480, on the other hand, the length of the selec-
tion period becomes half that of the case with a duty
ratio of 1/240, as shown in Fig. 14(b).

The results suggest that, in a driving method as
described above, provision of an interval of 3H between
the individual selection pulses is appropriate for the pur-
pose of achieving a timing of application of the selection
pulses in agreement with that of 1/240 (the degree of
dispersion in this case is m = 4). Under the effect of a
decrease in the pulse width, the drive margin was infe-
rior to that available with 1/240 but superior to that in the
conventional method.

In this Example, the selection pulses were applied
to the scanning electrodes while dispersing as shown in
Fig. 14 which symbolically illustrates the dispersion.
The selection pulses as those in the foregoing Exam-
ples 1 and 4 are applied to the scanning electrodes
within the groups. A liquid crystal apparatus excellent in
display properties is available in this Example by dis-
persing the selection pulses as shown in Fig. 14. The
matrix of the selection pulses may have any waveform
so far as the selection pulses applied to the individual
scanning electrodes have mutually different waveforms.
The selection pulse should however be preferably set by
means of a matrix set on the basis of a Hadamard
matrix or an orthogonal function as in the preceding
Example 6.

(Example 8)

The Example 8 covers a variant of the case where
four scanning electrodes are simultaneously selected,
i.e., a case where three scanning electrodes are simul-
taneously selected.

In this Example, a driving method for a case where
three scanning electrodes are simultaneously selected
was achieved on the basis of the concept for a case
where four scanning electrodes are simultaneously
selected.

The basic concept of the driving method in this
Example is as follows.

A plurality of scanning electrodes are grouped into
a plurality of groups as in the preceding Example. More
specifically, a plurality of scanning electrodes are
grouped into a group. In this Example, each group is
formed of three real (actual) scanning electrodes and
one virtual electrode. The virtual electrode and actual
scanning electrodes are combined into four scanning
electrodes, and a scanning signal is applied to each
scanning electrode. The virtual electrode is essentially
non-existent, and virtually assumed to be existent. It is
assumed that a scanning signal is applied to this virtual
electrode.

By setting a virtual electrode for each group and
assuming that a scanning signal is applied to the virtual
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electrode, it is possible to drive a liquid crystal appara-
tus by the same driving method as that simultaneously
selecting four real scanning electrodes.

Further, by adopting such a driving method, it is
possible to lower the voltage level of data signals
applied to the signal electrodes. That is, when compar-
ing the selection pulse and the status of display, the
number of agreement/non-agreement can be reduced,
thus bringing about an advantage of eventually lowering
the voltage level of the data signals determined on the
basis of the number of agreement/non-agreement, by
assuming that the pulses applied to the virtual are in
agreement with the status of display on the virtual elec-
trode.

A configuration with a single virtual electrode has
been described above. Two or more virtual electrodes
may however be set. The number of simultaneously
selected scanning electrodes including one or more vir-
tual electrodes is not limited to four. A plurality of actu-
ally existing scanning electrodes are set, with at least
one virtual electrode, and these are combined into a
group with no problem.

Now, the driving method in this Example will be
described further in detail.

First the description will be based on Fig. 1 (corre-
sponding to Example 1). Fig. 1 illustrates the scanning
signal applied to the scanning electrode. As shown in
Fig. 1, the scanning signals are applied to the scanning
electrodes M, m + 1, M + 2 and M + 3, respectively.
Among these electrodes, those corresponding to M, M
+ 1 and M + 2 are actually existing scanning electrodes,
and pulses as shown in the drawing are applied thereto.
In this Example, the scanning electrode M + 3 is treated
as a virtual electrode, and a pulse as shown in Fig. 1 is
assumed to be applied thereto.

Groups each composed of three actually existing
scanning electrodes and one virtual electrode are
sequentially selected, and scanning signals are simulta-
neously applied to the scanning electrodes including the
virtual electrode within each group.

At this point, the data signal applied to the signal
electrode is as shown in Fig. 2. By applying the data sig-
nal as shown in Fig. 2, it is possible to select an ON-
state or an OFF-state of the liquid crystal apparatus.

By using eight combinations of (0001, 0010, 0100,
0111, 1000, 1011, 1101, 1110) or (0000, 0011, 0101,
0110, 1001, 1010, 1100, 1111) shown in Fig. 2, the out-
put voltage of the data signal can be simplified to two or
three levels.

As in the preceding Example, the margin was
measured by means of the three patterns: three-level
combinations of data waveforms gave better result. As
compared with the split type in which two scanning elec-
trodes are simultaneously selected, however, the mar-
gin was lower than the above, which was rather
unsatisfactory. The cause is as follows. In the case of
the driving method in which three scanning electrodes
are simultaneously selected, the duty ratio which is
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nominally 1/240 is practically 1/320 because of the
presence of a virtual electrode, and the selection period
for a line decreases to 3/4. It was thus suggested that a
decrease in the width of applied pulses leads to a
decrease in the margin.

In the present Example, the liquid crystal apparatus
was driven on the basis of the waveform as shown in
Figs. 1 and 2. The scanning signal applied to the scan-
ning electrode is not however limited to that shown in
Fig. 1, a selection pulse may be set on the basis of an
orthogonal function.

Further, as described in the preceding Example,
the driving method in which selection pulses divided as
shown in Fig. 14 are applied during the selection period
is also applicable in the present Example.

(Example 9)

The driving method in the Example 9 is illustrated in
Fig. 15. Fig. 15 will be described with reference to Fig. 1
showing the typical driving method of the invention. In a
method in which four scanning electrodes are grouped
into a group, and the resultant groups are sequentially
selected, some variations were studied. This resulted in
the scanning methods shown in Fig. 15(a) to 15(c).

Fig. 15 (a) illustrates a driving method of grouping
every four adjacent scanning electrodes, and sequen-
tially selecting the groups. This driving method was
developed by assuming that scanning is made from top
to bottom of the display screen of the liquid crystal
apparatus as in all the preceding Examples. The shad-
owed portion in Fig. 15 (a) represents simultaneously
selected scanning electrodes. In this Example, the driv-
ing method is for scanning from top to bottom of the dis-
play screen, but this is also the case with scanning from
bottom to top. In this Example, the number of simultane-
ously selected electrodes is not limited to four, but the
selected number may be any number.

Fig. 15 (b) illustrates a driving method comprising
the step of dividing the display screen of the liquid crys-
tal apparatus into four blocks, simultaneously selecting
the scanning electrodes of one group composed of one
scanning electrode from each of the four blocks, and
sequentially scanning the groups. A group is formed
from scanning electrodes selected in each block. That
is, a group is formed from four scanning electrodes
including one scanning electrode from the block 1, one
scanning electrode from the block 2, one scanning elec-
trode form the block 3 and one scanning electrode from
the block 4. The number of blocks is set in response to
the number of simultaneously selected scanning elec-
trodes.

Fig. 15(c) is a variant of Fig. 15(b): when the upper
is the block 1 and the lowermost one is the block 4,
scanning is effected from top of the display screen for
the block 1 and 3, and scanning is made from bottom of
the display screen for the blocks 2 and 4.

In Fig. 15 showing this example, each portion rep-
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resents a display screen and the top in the drawing rep-
resents the top of the display screen.

A liquid crystal apparatus was driven in accordance
with these three scanning methods. The result con-
firmed that there was no difference in display properties
among the three methods. That is, it was confirmed that
there was no limitation in the manner of line scanning of
a display. As an advantage in respect other than the
driving method, a decrease in noise caused upon driv-
ing the liquid crystal apparatus was recognized by
adopting a scanning method such as that shown in Fig.
15(b). This suggests that liquid crystal media to be
excited should preferably be dispersed in the apparatus.

(Example 10)

Fig. 16 illustrates a configuration of the liquid appa-
ratus of the invention. In this Example, a configuration of
a driving circuit for turning on a liquid crystal display
member 12 having a display capacity of 240 x 320 is
shown. When the display capacity is larger that this, the
configuration should be expanded.

An image signal is once stored in a frame memory
13 as image data corresponding to the individual hori-
zontal lines, and data for the column direction of a plu-
rality of simultaneously selected scanning electrodes
are entered into an SEG data signal converter 14 in par-
allel from a smaller column number. When, for example,
the driving method is of selecting simultaneously four
scanning electrodes, four-bit data for four rows are
sequentially transferred in parallel from column number
1 o 320.

Aline scanning signal basic pattern generator 15 is,
on the other hand, to generate a matrix forming the
basis for a scanning signal (COM waveform) such as
that shown in Fig. 1 to 12. For example, Table 1 shows
the case of the waveform shown in Fig. 1, and Table 2,
the case of the waveform shown in Fig. 12. These
Tables respectively form matrices forming the basis for
selection pulses. In the tables, "1" corresponds to selec-
tion pulse voltage + Vs, and "0", to selection pulse voli-
age -Vs, where Vs is a value based on the reference
potential (Vc). The same description as above applies
here.

Upon receipt of a parallel signal from the frame
memory side, the data signal converter 14 provides an
output of the sequence number (for example, wave-
forms Nos. 0 to 4 as shown in Fig. 2 or 13) of a voltage
level of the data signal actually applied from an ROM
Table, as derived from a pattern of selection pulse read
in simultaneously with the data pattern.

The results are stored in a plurality of line memories
16 (for four horizontal scanning lines when four scan-
ning electrodes are simultaneously selected), and upon
completion of conversion of all signals applied to the
simultaneously selected scanning electrodes, are sent
as an output to an SEG output controller 17 in parallel
line by line.
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A signal from the line scanning signal basic pattern
generator 15 is processed, on the other hand, depend-
ing upon which of the scanning methods (a), (b) and (c)
in Fig. 15 is to be adopted at a shift register 18.

For example, in the driving method in which four
scanning electrodes are simultaneously selected, in the
case of the scanning as shown in Fig. 15 (a), 4-bit selec-
tion pulse from the basic pattern generator 15 is
received at the first 4-bit register of 240-channel shift
registers. At the next timing, the pulses for 240 channels
including the other vacant registers are simultaneously
passed to a COM output controller 19. This operation is
repeated four times, and upon completion of passage of
data during four selection periods, the register access
position is shifted by four channels, and the same cycle
of operations is repeated. Operations for 240 lines/one
frame are completed with repetition 60 times.

In the case of a scanning pattern shown in Fig. 15
(b) or 15(c), the position of the register receiving 4-bit
pattern of selection waveform is dispersed by one bit
each to the four groups, and it suffices to select the shift-
ing direction of the receiving register upward or down-
ward.

The reset pulse shown in Fig. 1 is required prior to
selection waveform for ON/OFF control of liquid crystal
display. There is therefore provided another system of
shift register for reset pulse. This sends a duration of
reset to the COM output controller 19.

When data for 240 rows and 320 columns are thus
provided in the shift register or the line memory, the con-
tents thereof are simultaneously passed to the COM
output controller 19 or the SEG output controller 17 by a
1-horizontal scanning time clock. Because positive/neg-
ative symmetrical select voltage, reset voltage and non-
select voltage are provided on the COM side, any one
voltage is selected in compliance with the control signal,
and the selected signal is sent as an output from a COM
liquid crystal driver 20.

Similarly, a plurality of data voltages are provided at
a position symmetric with a non-select voltage on the
SEG side. Any one voltage is selected in compliance
with the SEG output control signal, and a selected sig-
nal is provided as an output from the SEG liquid crystal
driver 21. The voltage level necessary on the SEG side
is five levels in the case of simultaneous selection of
four lines, and three levels in the case of simultaneous
selection of two lines.

A driving circuit having the above configuration was
provided, and a liquid crystal apparatus (or a liquid crys-
tal display member) 12 was turned on with image sig-
nals from a personal computer as a source. The result
confirmed a display quality superior to that of a display
member based on the conventional super twist nematic
liquid crystal. Even compared with a liquid crystal appa-
ratus based the conventional driving method, a liquid
crystal display excellent in driving voltage margin and
contrast ratio was confirmed.
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(Example 11)

In this Example, a case where the liquid crystal
apparatus described above in the preceding Examples
1 to 10 was mounted on an electronic equipment will be
described.

Applicable electronic machines include a liquid
crystal projector shown in Fig. 18, a personal computer
(PC) and an engineering workstation capable of coping
with multi-media shown in Fig. 19, a pager or portable
mobile phone shown in Fig. 20, a wordprocessor, televi-
sion set, a view-finder type or a monitor direct viewing
type video-tape recorder, an electronic notebook, an
electronic desk-top calculator, a car navigation unit, a
POS terminal, and a device provided with a touch panel.

Fig. 18 illustrates a liquid crystal projector. The lig-
uid crystal apparatus of the invention was used as a
transmission type liquid crystal light valve. The projector
shown in Fig. 18 uses, for example, a three-plate prism
type optical system.

In the projector 1100 shown in Fig. 18, a light beam
projected from a lamp unit 1102 which is a white light
source is divided into three primary colors red (R),
green (G) and blue (B) by a plurality of mirrors 1106 and
two dichroic mirrors 1108 in a light guide 1104, and
directed into three liquid crystal panels 1110R, 1110G
and 1110B displaying respective color images. The light
beams modulated by the respective liquid crystal panels
1110R, 1110G and 1110B enter a dichroic prism 1112,
red (R) and blue (B) beams are bent by 90°, and only
the green (G) beam is allowed to go straight. As a result,
images of the individual colors are synthesized and a
color image is projected through a projector lens onto a
screen or the like.

By mounting the liquid crystal apparatus of the
invention as a light valve on a liquid crystal projector, it
is possible to mount a liquid crystal apparatus having a
high resolution, and by using the liquid crystal appara-
tus having such properties as high-speed switching and
memory property, there is available a high-precision lig-
uid crystal projector giving a clear image.

The personal computer 1200 shown in Fig. 19 has
a main body 1204 provided with a keyboard 1202 and a
liquid crystal display screen 1206.

The pager 1300 shown in Fig. 20 has, in a metal
frame 1302, a liquid crystal display substrate 1304, a
light guide 1306 provided with a back light 1306a, a cir-
cuit board 1308, first and second shielding plates 1310
and 1312, two elastic conductors 1314 and 1316, and a
film carrier tape 1318. The two elastic conductors 1314
and 1316 and the film carrier tape 1318 connect the lig-
uid crystal display substrate 1304 and the circuit board
1308.

The liquid crystal display substrate 1304 is formed
by sealing a liquid crystal between two transparent sub-
strates 1304a and 1304b, and the liquid crystal appara-
tus of the invention shown in the preceding Examples 1
to 10 is mounted thereon.
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(Example 12)

In the Example 12, the liquid crystal apparatus
described in the preceding Examples 1 to 10 is used as
a reflection type liquid crystal apparatus. A configuration
in which a reflection type liquid crystal apparatus is
mounted on an electric machine will be described
below. When using the liquid crystal apparatus of the
invention as a reflection type liquid crystal panel, a
reflection type liquid crystal apparatus can be built by
forming one of the electrodes from an electrode having
reflectivity, or forming a reflection layer on the back of
one substrate.

Fig. 21 illustrates an example of an electronic
equipment using the liquid crystal apparatus of the
invention, and is a schematic plan configuration dia-
gram of a portion of a projector using the reflection type
liquid crystal apparatus of the invention as a light valve.

Fig. 21 is a sectional view on an XZ-plane passing
through the center of an optical element 130. The pro-
jector of this Example comprise a light source section
110 arranged along a system optical axis L, an integra-
tor lens 120, a polarizing illuminator 100 substantially
comprising a polarizing conversion element 130, a
polarization beam splitter 200 reflecting an S-polariza-
tion flux irradiated from the polarizing illuminator 100 on
an S-polarization flux reflector 201, a dichroic mirror
412 which separates a blue (B) component from the
light reflected from the S-polarization reflector 201 of
the polarization beam splitter 200, a reflection type lig-
uid crystal light valve 300B modulating the separated
blue light beam (B), a dichroic mirror 413 which sepa-
rates a red (R) component from the light beam after
separation of the blue light beam by reflection, a reflec-
tion type liquid crystal light valve 300R modulating the
separated red (R) beam, a reflection type liquid crystal
light valve 300G modulating the remaining green (G)
light beam which transmits the dichroic mirror 413, and
a projecting optical system 500 which joins the light
beams modulated by the three reflection type liquid
crystal light valve 300R, 300G and 300B through the
dichroic mirrors 412 and 413 and the polarization beam
splitter 200, and comprises a projection lens projecting
the joined light onto a screen 600. The liquid crystal
apparatus mentioned above are used in the foregoing
three reflection type light valves 300R, 300G and 300B.

The randomly polarized light flux irradiated from the
light source section 110 is divided into a plurality of
intermediate light fluxes through the integrator lens 120,
and then converted into a single kind of polarized light
flux (S-polarized flux) substantially uniform in the polar-
ization direction by a polarization converting element
130 having a second integrator lens on the light inci-
dence side, thus reaching the polarization beam splitter
200. The S-polarized beam leaving the polarization con-
verting element 130 is reflected by the S-polarized flux
reflector 201 of the polarized beam splitter 200, and of
the reflected flux, the blue (B) light flux is reflected by a
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blue beam reflecting layer of the dichroic mirror 412,
and modulated by the reflection type liquid crystal light
valve 300B.

From among the light fluxes having passed through
the blue beam reflecting layer of the dichroic mirror 411,
the red (R) flux is reflected by the red beam reflecting
layer of the dichroic mirror 413, and modulated by the
reflection type liquid crystal light valve 300R. On the
other hand, the green (G) flux having passed through
the red beam reflecting layer of the dichroic mirror 413
is modulated by the reflection type liquid crystal light
valve 300G. The color light beams are thus modulated
by the respective reflection type liquid crystal light
valves 300R, 300G and 300B.

Form among the color light beams reflected form
the individual picture elements of the liquid crystal
apparatuses, the S-polarization component does not
transmit through the polarized beam splitter 200 which
reflects an S-polarized beam, whereas the P-polariza-
tion component passes there through. An image is
formed by the beams having passed through this polar-
ized beam splitter 200.

Fig. 22 (a) is a perspective view illustrating a mobile
phone: 1000 is a main body of the mobile phone, and
100 therein is a liquid crystal display section using a
reflection type liquid crystal panel of the invention.

Fig. 22(b) illustrates a wrist watch type electronic
device: 1100 is a perspective view of a watch main
body, and 1101 is a liquid crystal display section using
the reflection type liquid crystal panel of the invention.
This liquid crystal panel, having high-precision picture
element as compared with the conventional watch dis-
play, can permit display of a TV image, thus permitting
achievement of a wrist watch type TV set.

Fig. 22(c) illustrates a portable type information
processor such as a wordprocessor or a personal com-
puter: 1200 is an information processor, 1202 is an
input unit such as a keyboard, 1206 is a display section
using the reflection type liquid crystal panel of the inven-
tion, and 1204 is a main body of the information proces-
sor. The individual electronic devices are driven by a
battery. Therefore, by using a reflection type liquid crys-
tal panel not having a light source, it is possible to
extend the device life of the battery. Since peripheral cir-
cuits can be built in the panel board, as in the present
invention, the number of parts is largely reduced, thus
permitting reduction of weight and downsizing.

As is clear from the Examples described above, the
liquid crystal apparatus of the invention brings about
excellent driving voltage margin and contrast ratio supe-
rior to those of the conventional method scanning line-
sequentially for each scanning electrode, by using the
driving method in which a plurality of scanning elec-
trodes are simultaneously selected. Particularly, con-
centric application of selection pulses during the
selection period is very effective for expanding the driv-
ing voltage margin.

Further, by dividing the selection period into two or



29 EP 0 863 427 A1 30

more, or dispersing the same into a plurality of scanning
electrodes and providing variations in the interval time
between the selection periods, it is possible to achieve
optimization in response to the response property of the
individual display elements.

Claims

1. Adriving method of a liquid crystal apparatus com-
prising a pair of opposed substrates holding a liquid
crystal layer held in between, wherein:

said liquid crystal layer has at least an initial
state in which the liquid crystal molecules have
a twist angle of @, a first stable state in which
said liquid crystal has an alignment of substan-
tially @ - 180°, and a second stable state in
which said liquid crystal has an alignment of
substantially ® + 180°;

the alignment of said liquid crystal layer is con-
trolled by a scanning signal applied to a plural-
ity of scanning electrodes formed on one of
said substrates and a data signal applied to a
plurality of signal electrodes formed on the
other substrate;

said scanning signal has at least a reset pulse
applied during a reset period and a selection
pulse applied during a selection period, and
said data signal is applied to said signal elec-
trodes for each selection of said scanning elec-
trodes; and

said plurality of scanning electrodes are
divided into a plurality of groups, said scanning
signal is applied to the scanning electrodes in a
respective group substantially simultaneously,
and said plurality of groups are sequentially
selected.

2. A driving method of a liquid crystal apparatus
according to claim 1, wherein there are 2n (nis an
integer of at least 1) scanning electrodes in each
said group.

3. A driving method of a liquid crystal apparatus
according to claim 2, wherein there are four scan-
ning electrodes in each said group.

4. A driving method of a liquid crystal apparatus
according to claim 1, wherein a reset pulse is sub-
stantially simultaneously applied to the scanning
electrodes in each group.

5. A driving method of a liquid crystal apparatus
according to claim 1, wherein a selection pulse is
substantially simultaneously applied to the scan-
ning electrodes in each group during said selection
period.
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6.

10.

11.

12

13.

14.

15.

A driving method of a liquid crystal apparatus
according to claim 5, wherein said selection pulse is
set on the basis of an orthogonal function.

A driving method of a liquid crystal apparatus
according to claim 5 or 6, wherein said selection
pulses are continuously applied during said selec-
tion period.

A driving method of a liquid crystal apparatus
according to claim 5 or 6, wherein said selection
pulses are divided and applied in a dispersed said
selection periods at arbitrary interval of time.

A driving method of a liquid crystal apparatus
according to claim 1, wherein said selection pulses
are applied during a period from the start of move of
said liquid crystal molecules from a vertical align-
ment toward one of said two stable states to the
completion of transition.

A driving method of a liquid crystal apparatus
according to claim 1, wherein the root mean square
value of pulse amplitude applied to said liquid crys-
tal medium during said selection period to repro-
duce one of said stable state is usually equal.

A driving method of a liquid crystal apparatus
according to claim 1, wherein an interval of time is
provided as a delay period between said reset
period and start of said selection period.

A driving method of a liquid crystal apparatus
according to claim 11, wherein, said interval of time
is set to a period equal to an integer number of
times the minimum selection period.

A driving method of a liquid crystal apparatus
according to claim 1, wherein the individual groups
consist of said plurality of scanning electrodes
which are adjacent to each other, and said scan-
ning signals are simultaneously applied to said
scanning electrodes in each group.

A driving method of a liquid crystal apparatus
according to claim 1, wherein the individual groups
consist of said plurality of scanning electrodes
selected at random, and said scanning signals are
applied simultaneously to said scanning electrodes
in each individual group.

A driving method of a liquid crystal apparatus
according to claim 1, wherein the liquid crystal
apparatus is divided into a plurality of display areas;
said individual groups consist of said scanning
electrodes selected at random from the individual
display areas; and scanning is made sequentially
from one group to the other.



16.

17.

18.
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A driving method of a liquid crystal apparatus
according to claim 1, wherein each group is com-
posed of at least one virtual electrode and a plural-
ity of actually existing scanning electrodes, and a
scanning signal is applied to said virtual electrode
simultaneously with the scanning signal applied to
said plurality of actually existing scanning elec-
trodes.

A driving method of a liquid crystal apparatus
according to claim 16, wherein the scanning signal
is supplied to the scanning electrodes including
said virtual electrode within each group, and the
voltage levels of said data signal applied to said
data signal electrodes are reduced by setting the
specified data for the virtual electrodes.

An electronic equipment including a liquid crystal
apparatus driven by a driving method of the liquid
crystal apparatus according to any one claims 1 to
16.
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